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(54) METHOD AND APPARATUS TOR DISSOLUTION OF A 
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(71) We, SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPIJ B.V., a com- 
pany organised under the laws of The Nether- 
lands, of 30 Card van . Bylandtlaan, The 
Hagt*; The Netherlands, do hereby, declare 
the jnvention, for which we pray that a patent 
may be granted to us, and the method by 
.which it is to be performed to be particularly 
'described -in and by the following statement: — . 
' The present invention relates to the clissolu- 
iion of polymers in solvents. A 
One hindrance to the use of high molecular 
weight polymers as friction-reducing agents for 
.the. pipeline* transportation of hydrocarbbhs," 
such as< crude oil and fractions thereof, is 
that *the polymers of^a mdledalar weight 
sufficiently high to give the desired friction 
reduction are often difficult to_. dissolve .., in, 
the oil or other Uquidl "Previously, it has been 
the prevailing practice of the art to charge the 
polymeric material into a kggader and then 
very gradually add small amounts of theliquid 
until a mixture,* of sufficient consistency is 
produced to permit discharge into the' main 
liquid body. It has also been a practice to 
cut, tear or mill the polymeric material into 
small particles by ^subjecting the polymer to 
a severe milling operation or to mastication 
''with mixing equipment, such as kneaders, 
30 banburys or (extruders. Excessive milling is 
frequently quite harmful t^ the polymer, 
tending to brtak it down so thara final pijoduct 
is of lower- molecular— weight— and— many- 
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desirable qualities are lost As a further draw- 
back, heavy equipment is expensive, power 
requirements for the use of. such equipment are 
large and batch sizes are generally limited, all 



of, which result in increased blending costs. 
If the polymer and solvent are agitated with' 
application of heat, the agitation and heating 
may also lower the molecular weight and, 
further, will be slow in achieving complete 
solution. Such a slow procedure is expensive. 

One process for dissolutioa as described in 
U.S. patent specification -No. 2,639,275 in- 
Yolves passing the polymeric material through . 
an extruder and into an apparatus equipped 



. with a series of orifice plates, mixing chambers, 
and screens, the orifices iq^the progressive 
plates being diminishing in diameter, each 
orifice plate, screen bundle, and 
chamber being so equipped that a heated pres- 
surized liquid compatible with the polymeric 
material is admixed with .the polymer at these 
stages. While solution utilizing this apparatus 
may occur in as short a time as five minutes 
or less, the process suffers from the serious 
disadvantage that the polymer is seriously 
degraded, and particularly in the case of high- 
molecular weight polymers, js ^degraded to a 
point of substantial uselessness for frictibh 
reduction. 

In accordance with another prior an pro- 
cess as disclosed in U.S. patent specification 
No. 2,771,458,- die size of the polymer par- 
tides which are being dissolved are maintained 
uniform and below J/4 inch (about 6.3 ram) 
tn diameter, preferably shonx 1/16 inch (about 
l.Ormm), such that high-viscosity blends which- 
are homogeneous and lump-free can be 
obtained by simple agitation; However, the 
process requires , a high viscosity solven 
may suffer from degradation. 

The present invention overcomes' or at least 
reduces the above-described difficulties by pro- 
viding a method and apparatus whereby a high 
molecular weight polymer can be efficiendy 
and economically dissolved on a large scale in 
a solvent without being significantly degraded. 

According- to - the—presen t inven tion, an 
apparatus for the dissolution of polymer par- 
ticles in a solvent comprises a vessel having 
a liquid space in the lower part thereof and 
a vapour space in the upper part thereof, 
means dividing the liquid space into at least 
two substantially vertical compartments in 
liquid communication with each other or with 
one another both above and below the dividing 
means, baffling means ( located whereat the 
compartments are in liquid communication and 
arranged to deflect jpolymer particles out of* 
corners, and gas-dispersing means for dispers- 
ing a stream of gas inro the .'ower pan of at 
least one but less than ail of the compartments. 
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Also,, according to. the present invention' a 
method for dhscdving a polymer in a solvent, 
-c omprise s mtrodocing t he p g fom c r-mor thc- 



Perforated pipe or pUte spargers employed 
m accordaSca with the invention have orifices 
1/16 to 1.0 inch (abound tottrtamr 



partitioned into at least two compartments 
.which tit in liquid communication with cadi 
ot ^b oth above and bdow the partition, 
dispersing the slurry in the liquid zone, admit- 
ting a dispersed stream of gas into at least 
one hut less than all of *the compartmfcms, 
/wbertby the starry content of e&h compart- 
ment into which gas is flowing is caused to 
rise in the compartment, to flow into another 

descend into the other, compartment and flow 
to back into" each-of the compartments" into 
which thelispersed stream of gas is introduced, 
'recycling gas from the vapour zone, and re- 
moving dissolved polymer and solvent from the 
liquid zone. 

The present invention will be described with 
reference to the accompanying drawing; in 
which: -— " — — 

Figure 1 discloses a batch type dissolution 
vessel. 

Figure 2 disdoses a continuous type dissolu- 
tion vessel with internal baffles, 

Figure 3 shows an arrangerc^nt of a single 
draft tube as employed in tie apparatus of 
figures 1 and 2. % 

■^55 * to ^arrangement erf a 
pluralit/of draft tubes which may be employed 
in the a^ratus figures_t_and_2._._ L_: 

Figured "shows another arrangement of a r 
plurality of draft tubes which may be employed 
ilLthe apparatus of figures l and 2. 
^n accordance with die present invention, 
agitation to provide dissolution of a polymer 
in. solvent is limited to the "bubbling method" 
conventionally known as^spargmg. The primary 
purpose of sparging in* this invention is to 
disperse the solid polymer.particles throughout 
the solvent Dispersion is required . so as to 
provide a large polymer surface area for dis- 
solution. Without agitation the polymer par- 
ades agglomerate, effectively provide a smaller 
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P***"* domx the ftngdrTS^the pipe 
pfrg the hydraulic head of the tank contents; 
P™nwse,:the orifices most remote from the 
gas simply may not function* If separate leads 
are employed for each sparger orifice a high 
res^ance m the leads will again assure uniform 
sparging through all orifices. 
— Porou$f&tes, tubes, discs, or other shapes 
art made for use ^* jhejin^^ 
ing together carefully sized parades of carton, 
ceramics, or metal* ; ; The resulting septa are 
used as spargers to produce much smaller 
bubbles than ^gfll result from a simple bubbler. 
The size of the bubbles formed is proportional 
to the pore diameter but. also to the pressure 
drop across die .septum. At high gas rates 
coalescence occurs above die septum and poor 
gas dispersion results. 

~ The position and desigirof spargers useful 
with the invention is critical if the best suspen- 
sions are to be obtained; in small cylindrical 
tanks the spargers are shaped concentric with 
the tank and are located about 1/2 to J/4 
of the distance from the centre to the wall of' 
thctank. Room is left to allow the whole con- 
tents of the tank to circulate vertically. ~ 

The solvents with which the present inven- 
tion is most concerned are generally low.in 
-viscodty.~Thiis,~cnKk pre- 
ferred embodiment of the present invention 
inasmuch as it is desirable to incorporate poly- 
mer into crude to facilitate pipeline pumping 
thereof. However,, the invention, of course, 
extends to water, and all fractions of crude bifc 
The gas employed for sparging by the pre- 
sent invention is, preferably, m a - oge^ ai d-Kgh 
ends from the soivezjt but may includg all 
non- toxic and otherwise unharmful gases. If 
,ihe solvent is a hydrocarbon, such gases as 
methane, propane, and other hydrocarbons are 
suitable. It is, however, desirable that all 
surfaa^^ from -contact with the 

-^assittTfrT^^^ W h w ill tia ve-hannfoTegeay 

while the level of agitation is suSlieutly low 
so as not to degrade the dissolved polymer. 

55 The basic method in accordance with the 
invention for dispersing gas in a liquid cap- 
tained in a tank or vessel is to introduce the. 
gas through an open-end st£nd pipe, a hori-* 
zontal perforated pipe or a perforated plate 

60 at the bottom of ti*e tank: Although tfce size* 
of the bubbles is a Junction of the diameter 
of the orifice through which the gas is intro- 
duced, at low rates, at ordinary gassing rates 
relatively large bubbles are produced regard- 

65 less of the size of the orifice. 



70 



75 ,1 



80. 



85 



90* 




110 



sors. or positive displacement pumps may be 
emploved to circulate the gas phase. In case 
of hydrocarbon systems and heated dissolution 
tanks, some condensation will occur in the .120 
pump unit and return lines but this will not 
have any ill effects and may be eliminated by 
conventional knock-out pots. 

The polymer to be employed in the process^ 
generally extends to 2LH polymers jjf high- J25 
molecul ar weight. Examples of such polymers 
are polyisobutylene, polyybutyiene, polyiso- 
prene, ethylene-propylene copolymer arid poly-: 
butadiene. Such polymers have heretofore been , 
very difficult to dissolve without degradation 130 
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i »n the solvents cnconipage d by the present 
,v invention. . _/ 
- 1 ^Reterinjrnow to the ^app aratus e mpl oying- 
the above system of matenab, Figure 1 dis- 
5 doses the simplest device anticipated by the 
present invention. A tank 1, preferably though 
not necessarily c$odrical, u partially ailed 
. with a solvent 9ra leave a Vapoor^pace 8 in 
- the; top part ofT the tank T. Gas or vapour 
- 10 is pumped from the top of die tank 1 by 

: pressor or pump 3 through return line 4 and 
bade into the tank 1 via gas porta 5. Tfce gas 
bubbles 6 thus introduced into the solvent 9 
tod dispersed polymer partides rise in the 
I S sdvem 9 through a draft vdbt 7 and sub- 
sShtally escape from the solvent at the liquid- 



va|*air inte^ 
draft tube 7 decrease the effective/ density of, 
the fluid in die draft tube ,7. The difference in' 
20 effective densities of the- fluid in the spaces 
inside and outside the draft tube 7 creates a* 
pressure differential at the bottom of the tank 
1 between the said spaces. This pressure 
differential generates flow of the solvent 9 and 
25~ dispened-poiymer in the direction^ioiicated 
by the arrows. In the example cited the flow 
of % solvent and dispersed polymer is up in die 
draft tube 7 and down in the annular space 4 
10 outside the draft tube 7. . 

In figure 2 of the drawings, an Apparatus for 
contfiraous operation U T d^osei Solvent with 
dissolved polymer is witbdrawir continuously 
from tank 30 via relatively large outlet 31 
which is designed to havtf a slow flow rate 
which .will not tend to remove "undissolved 
pdymer particles from the ftssdutioo vessel. 
Above the liquid-vapour interface 39 a vapour 
space 45 is present Meanwhile, polymer is 
continuously introduced via inlet 32 jto the 
tank 30 which has a flame arrest or* blow-off ' 
valve 33, and oil or other solvent is admitted 
to* die tank through an irikt 34. Fluid -flow 
may be reversed in outlet 31 and inlet 34 to 
dean filters. Gas is continually circulated 
through the contents of the tank 30 by com- 
pressor or pump 35 . via gas return line 36 
and into gas ports 37 upwardly through draft 
tube 38. Solvent 43, dispersed polymer par- 
tides and gas t^dbWes 42 Bowman upward 
^recti^iiHthe^space-ins^^ 
"3T8 as indicate^ by the arrows and then down 
through the annular space 44 outside the draft 
• tube 38 after bang deflected by top baffles 
* 40. Such baffles 40 are very useful for poly- 
55 men less, dense than the solvent On. reaching 
the bottom of the tank wall, the polymer is 
diverted back into the draft tube 38 by, bot- 
tom baffles 41 which are most useful for poly- 
mers more dense than the solvent In general, 
60 the said baffles serve to keep the polymer from 
collecting in comers of dg vessel and to keep 
jjhe polymer is continuous flow. The position 
*bf the draft tube 38 within the tank 30 is 
generally controlled so that "the distance 
65 between the edge of the draft tube 38 and the 
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said baffles is equal to or less than the distance 
between the draft, tube 38 a&i the wall of the 
T t»ak-30 r Tfo- j cnsure^ sweep ing 
action about the edges of t& draft tiAe 38 
and eliminates any dead spots in the tank 

**** i . > ; 

Figures 3, 4 and 5 disdose various pa 
Which may be employed for the drift tubes. 
Tne tfappicst arrangement is shown in figure 
3, whiA discloses a single draft tube 1 5 extend- 
injg through the tank 16, gas being *A*r)it t?4 
into the draft tube 15 through gas porta 17. 
In figure 4 a somewhat more «w ^pi^ desi gn 
is disclosed, wtetm° three concentric tubes 

18, 19, 20 are arranged within the tank 21, 
viz. respectivdy an inner tube 18, a middle 
tt*e- 19 and an, aia^tube 20. Gasl ports 22 
are present in the bottom'of the tank 21 and' 
within the inner mbe 18. Furthermore, gas 
ports 23 are present in the bottom of the tank 
21 and between outer tube 20 and middle tube 

19. During normal use <rf this embodiment 
gas rises in die inner tube . 18 to circulate 
the solvent up^the tube 18 and down the middle 
tube-19; lfcewise,- gas is admitted- into- the 
outer tube 20 to circulate solvent downwardly 
both outside the outer tube 20 and inside the 
middle tube 19. In the embodiment erf figure 
5, six Don-coacentricf draft tubes 24 are- 
arranged in a tank 25, wherein gas is admitted 
through gas pom 26~up througnthe tubes 24 
and down through the rest of jthe tank 25 
to ensure continuous circulation. 

To maintain good dispersion a nd thus 
achieve, rapid_dissolution,_ me solvents vdority . 
must exceed the terminal pdymer partidc 
velocity in the solvent in absence of solvent 
motion. Sparging rates for achieving suffi- 
. ciently high-solvent vdodties depend upon the 
viscosity of die solution, pdymer and solvent 
density, and tank and draft tube dimensions 
but should be such that the superfine 1 gglcciiy, 
is between 0.01 and 5.0 feet per minute (about 
0.3 cm and 152 cm per minute). Superfirial 
velodty is defined as the gas flow rate divided 
by the flow area. In tanks without draft tubes, 
this area is the tank cross-section. If draft 
tubes are employed, the x area is- the cross- 
section of that portion of the tank where up^ 

flow of Th rt .pps nmirs. Tonally tfa£aipflog 
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area will be between one-quarter and . one-half 
of the total tank cross-section. Draft tubes 
allow for a more efficient dispersion and repre- 
sent the preferred method of this invention. 
jflB above rioted, more than oik draft tube may 
be used and they may be arranged in various 
-patterns as shown in figures 4 and 5 above 
discussed. The sparging is, preferably, accom- 
plished through a multiplicity of gas ports. 
Individual gas ports should not exceed 1.0 Jnch 
(25.4 mm) in size and, preferably, should* be 
1/4 inch (6.3 mm)- in- diameter. Of coarse, 
as above noted, porous septum may be- 
employed* instead of simple ports. However," 
where the gas ports are employed they should 
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solvent. The buoyant and more dense rartieW d!^.mW«-j, «7 - y ^ P«i»eatea or the 
- ^^•■t^^ m gbmS!SSSSS b 4e cm(^ dements. 

vikosiqr of. tfe filial solrio^TS rXw ISk /? P««rahly m die range of from 0 

does not exceed about 200 «aS«SltiS iLfcS' i1f?S T ^^, prE f5 <*.«*«*» 

Bear rate of 100/teca. For high- motoular 
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fflear rate of 100/secs. 7 For high- molecular 
^ghr polymers this concentration is 0.5 to 
2/ 0 by weight, based on the total weight of 
polymer, and solvent The dissolution rate is 
almost a linear function of the ratio of surface 
area to mass of polymer. Thus, the smaller 
particles have a faster dissolution rate: Small 
parades may be prepared with conventional 
snreaders, extruded and then cut as shown in 
U.S. patent specification No. 2,771,458, or 



"Sf^-^^lM^ U.,.in me» order, 
of several psia or more, may be employed 
but are not generally recommended ibecause 
they increase the hazards and expenditures of 
gf^^-to provide me.Teaaor without 
corresponding improvements in the process. 
In the fohowmg Table the results of several 

Sude^ S^TTC^ P^y^utylene in 
crude od are disclosed in order to illustrate 
but not limit the invention. 
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